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Overview

Interest rate swaps are financial tools used by many local government
agencies to manage interest rate risk. The swap market at times provides
issuers the opportunity to lower their cost of financing versus traditional
alternatives in the bond market. Swaps remain an important tool in managing
an issuer's debt service obligations and exposure to interest rate risk. For
many, swap pricing is often viewed as a "black box". This webinar is intended
to provide an understanding of swap math and includes:

* Information on the swap market

» Valuation methodologies

» Swap dealer's pricing conventions

» Formulas and examples of pricing

* Review of variables affecting market prices

p. 6
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Part I: Before we get started....why look at swaps at all?

- Issuer has two general choices when selling fixed rate debt
- Option A: Sell traditional fixed rate bonds
- Option B: Sell variable rate bonds and swap to a fixed rate

- Why is there a difference in fixed rates under options A and B?

Structural imbalance in the tax-exempt market (the neighborhood theory)

- Supply Side — Tax-exempt issuers are financing long lived assets (toll
roads, office buildings, power plants, stadiums, etc.). The liability
structure matches the average lives (i.e. 30 to 40 year amortization).

- Demand Side — The largest buyers of long term fixed income products
(pension funds and foreign sovereigns) don’t buy tax-exempt bonds.
“Mom and Pop” retail focus on short maturities.

p.7 /5
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Part I: Before we get started....why look at swaps at all?

Typical tax-exempt amortization
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Part I: Before we get started....why look at swaps at all?

- Result

- Lots of long term supply and limited long term demand
- Limited short term supply and lots of short term demand.

« Impact on Tax-Exempt Yield Curve: STEEP!

- The tax-exempt yield curve has NEVER inverted and is consistently
steeper than the taxable yield curve.

- Short end of the tax-exempt yield curve is priced efficiently relative to
the taxable yield curve and the long end of the tax-exempt yield curve is
priced inefficiently when compared on a pre-tax equivalent basis.

p. 9
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Presentation Notes
Answer:  Primarily pension funds and foreign sovereigns.  Neither pays taxes.  Neither needs tax-exemption, therefore they traditional are not buyers of tax-exempt bonds.

Answer: According to Federal Reserve data almost 70% of all muni bonds are held by households (i.e. mom and pop either through direct purchases or through mutual funds as conduits).  The vast majority of this demand is focused short on the yield curve (i.e. inside of 10 years)

Said another way, the short end of the tax-exempt yield curve is priced efficiently relative to the taxable yield curve and the long end of the tax-exempt yield curve is priced inefficiently when compared on a pre-tax equivalent basis.  (see diagram below – Slide 3)
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Part I: Before we get started....why look at swaps at all?

The Slope of the Municipal Yield Curve is Steeper than the
Taxable Yield Curve
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Part I: Before we get started....why look at swaps at all?

- Short Efficiency and Long Inefficiency results in swap opportunity

- How do tax-exempt issuers capture the benefits associated with a swap
based structure?

- Issue efficiently priced variable rate bonds
- Enter into fixed payer swaps

p. 11
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Part ll: Where does the taxable swap curve come from?

- Broker/Dealers provide quotes, which are published real time through services such as

Bloomberg.

- Bid Ask Quotations are for vanilla transactions (fully collateralized, standardized ISDAS).
- Swap Rate Quotes: Pay fixed | Receive floating 3 month LIBOR
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Part ll: Where does the taxable swap curve come from?

Complete LIBOR swap curve is derived from:

- LIBOR Fixings: Inter-bank lending rates up to 3 months

- Eurodollar futures: greater than 3 months and up to 3 years

- Quoted Swap rates: greater than 3 years
Both new and existing swaps are priced and valued from the curve.
Curve is constructed as 0% coupon, or ‘spot’ rates. Why?

- Individual cash flows can be discounted

- Forward rates can be extrapolated, or ‘bootstrapped’
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Part lll: Pricing and Valuing Swaps

- Swaps are valued using the present value (PV) cash flow method
- Value of a swap as of any date is equal to the:

- PV of the Future Fixed Cash Flows minus,

- PV of the Future Floating Cash Flows

- Each (fixed or floating) cash flow is PV'd using discount factor derived from
the 0% coupon or spot rate matching the date of the cash flow.

| know the future fixed payments, but floating?
- Future floating payments are also determined using the spot rates:
- Future, or “forward” rates are mathematically ‘bootstrapped’

- Example: If one-month rates today are 0.26%, and two-month rates
today are 0.37%...what are one-month rates one-month forward?

(1+ .26%)1 y (1+ x%)1 B (1+.37%)2
" 12 12/ 12
« Solving for x, tells us that the forward rate is .48%
- This process is repeated to compute all forward rates under a swap

p. 15




CDIAC | Swap Math: What Are Your Swaps Worth? | November 2011

Part lll: Pricing and Valuing Swaps

- Example: 10,000,000 | 10 Year Swap | 2.173% Fixed Rate vs. 3M LIBOR
- Forward rates and net swap cash flows are highlighted below

Interest Rate Derivatives Properdies »~ _ O X

ns - 91) Swaps & Opbions =~ 92) S5ir. Motes - 937 Data & Setting
|Fi:-::—:- oat Swap Cpity .I.I: Eﬂ!- Ticker m Ee-"as-
Deal Property Chart
|'E Chart “| B View “'# Track |'# Annotations ~| o Zoom [Maximize

Mov 19... Nov 18 Nov 18 MNov 18  Nov 18 Mov 20  Nov 19... Nov 18  MNowv 13

2012 | 2013 2014 2015 2016 7 2018 2019 2020 2021
Cashflow Chart
I Chart < m View <] & Track |« Annotations ~| o Zoom Maximize

I I I I I I I I I B [M=t] Cashflow -3
| [T
- .||IIIII||||||||||||||

Mov 19  Nov 18 MNov 18... Nov 18  Nov 13... Nov 20 Nov 19 Ni W 18.
o 2013 2014 Zﬂl.. 2016 2017 2018
) Maln " 4) Curves ' 5) Cashflow 77 Leg Defall | 10) Recet Rates [ 11) REEK 130 Scenario | 14) Charts

p. 16



CDIAC | Swap Math: What Are Your Swaps Worth? | November 2011

Part lll: Pricing and Valuing Swaps

- On-Market vs. Off-Market Swap

- New swaps are generally ‘on-market’, where you solve for the fixed rate in order to
make the value (the MTM) of the swap equal to $0 (ignoring the dealer’s ‘spread’)

« 10 Yr. Swap example has a fixed rate of 2.173%, which causes the PV of the fixed
leg to equal the floating leg, hence is the on-market rate.

- Off-market swaps are new swaps that have up-front payments. Also, as of any
date, virtually every swap entered into previously is now ‘off-market’.

- Historical Rates: LIBOR swap curve today, 3 yrs. ago, and 6 yrs. ago
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Part lll: Pricing and Valuing Swaps

- How do interest rate changes affect my swap?
- Assume pay 2.173% fixed rate, receive 3M LIBOR floating rate swap
- On valuation date, assume our previously highlighted historical yield curves

Curve Change in Rates Change in On Market Off Market
Date Value Rate | Rate Portion

Nov 2011 None None 2.173 0.000

Nov 2008 Higher /ﬁ +$1,388,000 3.818 1.645
Nov 2005 Higher, Flatter /é? f+$2,229,ooo 5.010 2.837

- Conversely, if rates were lower on any of these dates, the change in value would
be negative. (No examples since rates never been lower than today!)

p. 18
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No examples since rates never been lower than today!
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Part lll: Pricing and Valuing Swaps

« PVO01: A revealing and important data point....

- PVO01 is the present value of a fixed leg with a .01% coupon. Since discount rates
used (recall spot rates), PV01 for a given swap is yield curve dependent.

« In our example, as of November 2011, the PV01 equal to $9,193
« November 2008 , $8,439 and as of November 2005, $7,858.

- For a given swap:

L3 _eovm 0 T e I G
W— Rate (in bp) and + Rate — Rate

+ In our example, assuming November 2008, then
1,388,000
8,439
+ Note, if MTM was negative, on-market rate would be less than fixed rate
PVO01 also known simply as a ‘basis point’. This is the term a dealer will use to express

the dealer spread, or compensation (e.g., 15bps) . Knowing the PV01 allows the spread
to be expressed in present value dollars, e.g., 15 X $9,193 = $137,895

= 164.5 2.173% + 1.645% = 3.818%
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Part lll: Pricing and Valuing Swaps

« lllustration of PV01 calculation:
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Part lll: Pricing and Valuing Swaps

- Estimating the Change in Value for Your Swaps From PV01 and DV0O1

PV01 = PV of .01% coupon
DVO01 = Change in value for a .01% parallel shift in yield curve.

« What's the difference?

For a vanilla swap, where the floating leg is 1M LIBOR or 3M LIBOR (not a % of
1M or 3M), then PVO1 and DVO1 are in fact the same.

Therefore, if you know the PV01, and the average life of the swap, then you can
estimate the change value given a change in the LIBOR swap curve.

- In our example, if ‘rates are up today by 2bp’, then you could estimate
that the swap increased in value by $18,386 (2 X $9,193)

However, if the swap floating leg is 67% (or other percentage) of 1M/3M LIBOR,
then DVO1 = 67% X PVO1.

« If our example was a 67% LIBOR swap , then if rates up by 2bp,
change in value equal to $12,318 (67% X 18,386).

- Note, you can ignore the floating leg margin (or spread) if one exists

p. 21
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Part lll: Pricing and Valuing Swaps

Practical Application of Pricing Tools
Ask swap provider for the PV01. This is a noncontroversial figure- it's just math.

Find swap rates at www.wsj.com or www.federalreserve.gov

Know limitations of PV01 and estimating values and/or on-market rates
Average life is reasonable but imperfect measurement of a swap’s amortization.

Standard quotes from subscription services (e.g., Bloomberg, Reuters, etc.) as
well as from public sources (e.g., WSJ, Fed) are semi-Annual, 30/360 fixed and
quarterly, act/360 3M LIBOR floating

Any differences will cause the on-market rate of your swap to be different.
For example, impact of changing from act/360 to act/act reduces the fixed rate by
about 1.3% (simply, 1- % ), or about 4bp if the fixed rate were 3% otherwise

Compounding: The more frequent the payment, the lower the nominal fixed rate
1M vs 3M LIBOR: Different pricing for 1M LIBOR.

p. 22
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Part IV: How does a dealer manage their swap position?

Governmental issuers are ‘end users’ while broker/dealers and banks are
generally and financial intermediaries

- As an end-user, the governmental is typically using the swap as a tool to
hedge a bond or similar debt, or asset.

- A broker/dealer typically does not have a natural use for the swap and
so will enter into an offsetting transaction (a “Matched Book”)

- Not interested in taking on interest rate risk
- Hedges on a portfolio basis, not a one to one basis.

- Stays in business by charging a spread on each swap, as
mentioned earlier

p. 23
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How Does Market Volatility Affect a Portfolio?

EKG of an ideal derivative portfolio

EKG of a typical derivative portfolio



Presenter
Presentation Notes
Ideally, our accountants would like to see no change in the value of any of the firm’s static derivative portfolios.

In actuality, this can’t occur. 
The best they can hope for is that the change in value will have minimal volatility and a mean greater than 0.

Why is this? 
 It’s because Bear Stearns can’t run a matched derivatives portfolio. 
 Its impossible to perfectly offset all it’s risk in the market place.  The portfolio is always left with some residual market risk that needs to be managed throughout the life of the portfolio.

Let me try to give you a sense for why that is:


Value of a derivative contract/portfolio = f underlying hedges)
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Presentation Notes
What are these underlying securities and how many are there?
For my portfolio, there are  877 primary security risks and over 1,500 secondary security risks, that are not listed here.  
The primary categories of risk are Libor Swaps, BMA/Libor Ratio Swaps, Swap Spreads, US Treasuries, Libor and BMA Volatility, Eurodollar Futures, and Credit Spreads. 
The number at the bottom of each balloon represents the number of risk elements in each category.  For instance, there are 15 Libor Swap elements of risk.  This means that I can express the risk on any swap that I do through these 15 elements.  This feat is actually made possible through yield curve interpolation, which is the subject of an another entire presentation.
In a few moments I will take you through an example of a typical trade.
I’ll show you that when I say done on this one trade, I will have introduced 61 new primary security risks to my portfolio.  I certainly won’t be able to hedge all 61 of these risks immediately.  In fact, I will probably never hedge all 61 of these risks.  Instead, I will initially hedge with 15 Securities.  These 15 securities will cover me against 90% of the risks of the trade.  I will work on covering the remaining 10% of risk through time by  marketing trading axes to our sales force.
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Part IV: How does a dealer manage their swap position?
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Part IV: How does a dealer manage their swap position?
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Part IV: How does a dealer manage their swap position?
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Part IV: How does a dealer manage their swap position?

= ==

File Mame: if;!akuhnsfspooI.Fhedge_iloggui_ozz-‘-‘l.oo‘l
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alue Hedoe Hedge For Treas
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E —F32.67 o. 00 —0 .00

=i —1.128_59 o.o0 —0o.o0
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oy —3.330.41 1.29 —1.23

10w —3.733.83 0.25 —0.25

12y —4.,.383 .95 4.02 —4.02

15y —5.252_36 18.63 —18.63

20y —6.403 .91 35.65 —35.65

25% —F.248._20 27 .59 —27¥ .59

30% —7.887 .56 0o.0L —0.01

SubTotal 2._3230

Total 2.20

BEY 381,561 .56

*&*+ Frnd of Report =**
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i Close | E
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p. 31
= =]
File Hame: I.fa.l'akuhnsispool.fvegaz_iloggui_0224.001
Interest Rate Products Group A
‘Vega Risk Report for Account ILOGGUI (CvId: )
As0f:  02/24705 '
YVolatility: USD/PSA
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S| o 0 1] I} o 1} 0 0 o 0 0] 0
1y | o 0 1] 0 1} 1} ) 1] i} 0 if] 0
18M | 0 0 1] 0 0 I} 0 1] 0 0 0j 0
2y | 0 0 1] I} 0 I} 0 1] 0 0 1] 0
3| o 0 1] LI} o 1} 0 0 o o o] 0
4y | o 0 o 0 o 1} 0 o (I} 0 if] 0
5Y | 1} 0 0 0 0 1} 0 229,546 ‘148,922 0 0] 378,468
| o 0 1] 0 0 I} 1,045 103,551 10, 044 0 0] 114,640
10y | o 0 1] I} o (440} {10,200} 15,098 o 0 0] 4,458
15y | 1] I} o 2,133 34,512 27,561 (17,344} [1,212) 1] 0 il 45,651
207 | 0 0 1] 8,646 29,509 21,115 (383) 1] 0 0 0j 58,888
Total o I} o 10,780 64,021 48,236 (26, 391) 346,983 158,966 0 o 602,104
Flat Vega: 1}
Total Vega {Flat + Curve) 602,104
“ =
Close J
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Trade Example: Trading System Qutput

Exposure to Parallel Shift of Underlying Variables
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Presentation Notes
That can be broadly broken down into these 3 primary directional risks.

Yield Curve, BMA Ratio Risk, and Volatility Risk


Trade Example: Trading System Qutput after Hedging

Exposure After Hedging

$1
$1
$1
$1
$1
$1
$0
$0
$0
$0
$0

Delta

BMA Ratio

Vega
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Presentation Notes
I won’t hedge all 61 risks on this trade, but I will probably hedge 15 of them.  
These 15 instruments will get the broad measures of net risk to appear flat, but in reality only cover about 90% of the risk of the trade

The aggregate derivative portfolio is an accumulation of thousands of trades and hedges.  All broadly, but imperfectly hedged.  The imperfection of the hedge shows that Bear Stearns does not run a “matched book” but a book hedged to an acceptable level of risk.  
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